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MARINE ENGINES FOR COLONIAL LINE 
STEAMERS BUILT IN ENGLAND. 

'VE publish herewith an illustration of the pro
pelling engines fitted by Messrs. Maudslay, Sons & 
Field to several of the Cape and Australian mail steam
er,",. notably to the" Bosphorus " and t11e "Harbinger" 
as they were the pioneer vessels on the two routes, the 
first having opened the line to the Cape of Good Hope, 
and the other to Port Philip, Victoria. When giving 
in the article above mentioned the origin of the" Har
binger," an error has, we find, inadvertently crept in. 
'rhe " Recruit," built by Mr. Ditchburn, and afterward 
converted by him into the mail steamer, was originallv 
a man-of-war sailing brig, and not the paddle stealn
ship of the same name, which was a later addition to 
the navy. 

In proof of the excellent sailing qualities of the Cape 
boats, the first to be dispatched, it is worthy of note 
th.at t�e ., Bosphorus," on her first voyage out, ran 215 
miles In twenty-four hours-8 knots an hou r-without 
steam, her screw being feathered during the time, but 
capable of being replaced in steaming position in one 
minute, on the wind dropping. The illustration we 
give of the engines fitted in her will, with our previous 
brief description, show the simplicity of design and 
compactness of their arrangement, together with the 
small space they occupied in the ship. As the engines 
of .these pioneer vessels were merely auxiliary to their 
sail power, they were fitted with a single air pump, 
driven as shown in the illustration. In Fig. 2 we give 
a similar illustration of the type of engines, fitted by 
the same makers as those of the ,. Bosphorus " in the 
arl!led woode� dispatch boats "Viper" and" Wr

'
angler," 

bUilt for servICe at the time of the Crimean war, and 
described by us in our last article. With that descrip· 
tion, and the details of arrangement shown in our en
graving, the reader will be able to appreciate the care 
taken by their makers to have all the necessary gear 
for their prompt and efficient handling within easy 
command of the engineer on the starting platform.
The Engineer. 

A 
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METHOD OF 
SURE AT ANY 
DUE TO WIND 
STRUCTURE.* 

MEASURING THE PRES
POINT ON A STRUCTURE, 
BLOWING AGAINST THAT 

By FRANCIS E. NIPHER. 
ABOUT 1,500 independent measurements were m ade 

upon the pressure board. It was decided to make a 
very thorough determination of pressures along the 
middle lines of the board. Such observations were 
ma�.e along the horizontal line of squares from 1 to 12, 
e • .B Igs. 3 and 4, and along the two vertical rows a to 
i, 6 and 7. In addition, the half of the board furthest 
from the axis was well explored, and observations were 
IlIade at a few symmetrically located points in the 
other half of the board in order to detect any substan
tial difference which might exi�t. It was to have been 
expected that slight flexures of the board might result 
in sOllie differences in the lateral halveI', although no 
appreciable difference was found. It was, however, 
found that the dragging of ail' along with the train 
caused the pressures on the front side to be greater at 
the top than at the bottom of the board. This effect 
was least when strong winds blew acl'r)SS the trains. It 
was also found that the rarefaction was greater near 
the bottom than near the top on the back side of the 
board. This was doubtless due to the obstructing 
effect of the car roof. 

Fifteen observations of pressure in any square were 
usn ally taken at one time and the collectors were then 
rellloved to another. In the tables which follow the 
means of these observations are given. Where several 
determinations are given for the same square, they 
were usually made on different days. Some discrepan
cies appear which seem too large, but all observations 
have been included. The tremendous shocks which 
OUi' improvised laboratory sometimes received made it 
necessary to exercise constant vigilance in detecting 
loose adjustments, and some sources of error have 
doubtless escaped us. 

It was found that increase of pressure on the front 
side of the board and decrease of pressure on the back 
side were linear functions of the total force required to 
hold the board to the wind, as measured by the spring 
balance. If F represent the pull of the spring balance 
on an arm of 3 feet, h, the increase in the scale read
ing of gage No. 3 above the datum reading, 40 0 and h, 
the decrease of gage reading of No. 4, below 40'0, then 
for the front and rear pressures we have respectively, 

h, = A,F 
h, = A, F 

where A, and A, are constants, A, being essentially 
negative. They denote the increase or decrease of 
scale reading per pound of pull on the spring balance. 
A, a�d �, are reduced . to vertical water column by 
multiplYing by 0'05. ThiS lIlay be taken as the pressure 
in grammes per square centimeter. The correction for 
d�nsity of water is about half of one per cent., and is 
shghtly overcompensated by t:1e change of level in the 
cistern. The further factor 2'048 reduces the pressures 
to pounds per square foot. The factor for reducing 
A, and A, to pounds per square foot is therefore 
0'1024. 

The values of A, and A, have been entered in the 
proper squares on diagrallls of the front and the back 
of the pressure board. Such diagrams are shown in 
Figs. 3 and 4. The board was divided into strips where 
the conditions were evidently similar, and the average 
of observed values made in this area was determined. 
Thus! in the row of squares adjacent to the edge, the 
top hne of squares constitutes such an area. These 
squares are marked 1 to 12, a. The line of squares 1 to 
12, i, is another such area. The averages in the vert i
eal rows a to i, 7, and a to i, 12, were also separately 
found. 

The average value for such areas was then entered 
in all the squares of the areas, excepting that the 
values in the corner squares were smoothed a little, ill 
order to make adjoining side rows unite with each 

* Lecture before the Academy of Scieuce of St. Louis and repnnted from 
'Vol. viii., No.1, of the Transactions of tile Society. 

other. Over these corner squares the pressures di- the sum of the moments over the board a value 340, 
min ish in two directions toward the nearest edges of instead of 297, as before given. The reduction of all the 
the board. In such cases the integrated pressures must original observations was then repeated, and the dis
therefore be less than in squares rellloved from the tributed pressures shown in Figs. 3 and 4 were care
corners. fully considered. There appeared to be no justifica-

In like manner the averages in the second row of tion for any change which could affect the result by 
squares from the edges were determined. In this row more than a fraction of 1 per cent. After several un
the squares 2 to 11, b ; 2 to 11, h ; b to h, 2; and b to happy days, in which the advisability of publishing 
h, 11, were separately treated. The data contained in I anything conaerning the disk collector was under 
the tll;ble may be used by anyone to repeat these com- serious consideration, it was finally discovered that in 
putatlOns. .The. results for each square on the board 

I
' reducing from grammes per square centimeter to pounds 

are entered m FIgs. 3 and 4, where the values have all per square foot a factor 0'1174 had been used instead 
been multiplied by 100. The values in Fig. 4 are, of of 0'1024. 

' 

course, negati�e in sign. Thes.e values therefore corre- �n inspection of Fig. 3 will show that there is some 
spond to.a sprIng balance readlllg of 100 pounds, w�en eVidence of a minimum of pressure at the center of the 
the arm Is .3 feet. The moments of the forces apphed front face. This lIlay be due to the effect of the hinges 
t? these 4-mch squares with respect to the axis of. rota- �hich cover the horizontal rows, b and h, although this 
twn have been summed. It was assllmed as suffiCiently IS not r�g!1rded as very probabl�. It is not probable 
exact, that the cen�er of pressure for each square of t that thIS IS wholly due to errors III observation. 
square foot was at ItS center. The arm for the vertical The results shown in Fig. 3 also furnish a method 

a 4.00 4 .30 4.30 4.30 L30 4.30 4.30 4.30 4.30, '-30 4.30 4,00 

4.S0 5.00 6 . 90 5.94 5.94 5.n4 5.9·, 5.H 5,94 6.00 5,90 3.99 

4.30 5.94 6 •• 0 6.96 6.96 6.96 6.91) 6.% 6.96 6.20 6.14 3.99 

d 4 .30 5.94 7.48 6.90 7.48 7A8 1.48 7 .4� 6,96 6.56 G.H 3.99 

4.30 5.94 1.48 6.96 1.17 1.17 7.11 7.17 6.96 6.55 6.14 3.99 

f 4.30 5.94 7.48 1.00 7.48 7.48 7.48 7.48 6.96 6.65 6.14 3.99 

4.30 5.94 6.50 1.37 1.31 7.31 7.37 7.31 7.3,7 6 . 30 6.14 3.99 

4.30 4.20 5.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 3.99 

3.00 3.28 3.�8 3,28 a.28 3.28 3.28 3.28 3.28 8.28 3.28 3.30 

9 10 11 1 2 

FIG. S.-FlIONl: OJ!' 'I'D PRlC88UJIE B04RD. 

row, a to i, 1, is i foot, the arm for vertical row a to i, 
2, is 1 foot, etc. The sum of the moments for the front 
and back sides of the board was found to be: 

Front . .. , . . .. ........... . . . . .. . .......... 169 
Back ..... ............................. '" 128 

Total. . . . . . . . . . . . . . . . . . . . . . . . . • . . .  " 297 
By the spring balance . . . . . . . • . . . . . . . . . . . . .  , 300 

Difference. . . . .  . . . . . . . . .  . • . . . . . . . . . . .  3 
A difference of 1 per cent. 

The SUIll of the 108 values for pressure on the front 
si.de, each multiplied by the area to which it applies, 
VIZ. , l foot, is 66'98 pounds. For the back side it is 
51'76 pounds. The total force to be applied at the 
center of pressure is therefore 118'7 pounds. 

For the location of the center of pressure, we have 
for the front and back sides, respectively, 

:E FI 169 
Front, -- = -- = 2'52. 

:2 F f37'O 
:2 Fl 128 

Baek, --- = --= 2'47. 
:2 F 51'8 

The center of pressure for the front side of the board 
is in vertical row 7, and 0'02 foot from the middle line 

a 3.00 3.58 3.58 3:58 3.58 3.5� 

L30 4.40 4 :00 LOO 4.00 4.0� 

4.30 4 .61 4.70 4.20 4.20 4.20 

4.30 4.61 4.91 4 . 4 0 4.30 4.30 

4.30 4.61 4. 91 {.Sl '.61 '.61 

f 4.30 4 . 60 4.70 •• 61 ,.61 4 . 61 

4.30 4.60 5·00 5.02 5.02 5.02 

h 4.30 4.�� 4.70 4.70 '.70 '.70 

4.20 4:80 4.30 •• 30 4.30 4.30 

of the board. For the back side it is in row 6, and 
0'03 foot from the middle line. These pressures would 
therefore practically balance on the middle line. 

Summing the moments of the pressures with respf'ct 
to the upper edge of the board, the center of pressures 
is likewise found to be below that edge a distance: 

For the front side 17'1 inches. 
For t.he back side 18'6 inches. 

On the front side the center of pressure is above the 
middle horizontal axis, a distance 0'9 inch, while for 
the back side the center of pressure is below that line 
by 0'6 inch. 

The resultant center of pressure is therefore slightly 
above, but very near the center of the board. 

The completeness with which the indications of the 
collector and gage check against the spring balance is 
doubtless due in some degree to accident. It lDay be 
worthy of remark that the first reduction gave for 
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of determining a value of considerable historical and 
theoretical interest. The average pressure on a board 
held normally in any fluid stream, due to the com
pression on the front and rarefaction on the back 
side, is 

o 
P' = K - v2 

2 

instead of being represented by equation 
o 

P=-v2* 
2 

(3) 

�he value, K, is independent of any friction or viscosity 
In the fluid. It is the same for water as for air. It in
volves simply inertia in resisting a change of direction 
in passing the edge of the plate. Many determinations 
of this value have been made. In some cases in which 
the stream was water, the pressures before and behind 
the board have been measured by pressure columns.t 

The values obtained by various experimenters are 
given in a table. The rotation eXjleriments of Borda, 
Hutton and Thibault are said by Unwin to have been 
made on a long arm, but the lengths are not given. In 
Langley's experiments, the radius was 9 meters. His 
result is the mean of 14 determinations made with 
an automatic recorder. 

If we may assume the value 7'17 pounds per square 

3.68 2.58 3.68 3.58 3.10 3.00 

4 . 00 4.00 4.00 4.00 4.00 S.99 

4.20 4.20 4.20 4.10 3.99 3.99 

4.30 4.30 4.GO 4.61 3.99 3.�9 

4.61 '.61 4.81 4.61 '.Gl 3.99 

4.61 '.61 4.61 4.80 4.S1 3.99 

6.02 6.02 5.0 2 4 .80 4.60 S..�9 

4.70 4.70 4 . 70 4 .70 4.50 8.99 

4.30 4.30 4.30 4.30 4.00 ·3.50 

11 12 

foot at the middle of the front side of our presslll'e 
board (Fig. 3) to be the pressure due to the velocity 
with which the board moves through the air, computed 
by Newton's theorem, we llIay then determine K. The 
total effective force against the plane we have found to 
be 118'7 pounds. Since the area was 12 square feet, the 
average pressure is 9'89 pounds per square foot. Hence 
K = 9'89 -;- 7'17 = 1'37. 

The pressures in Fig. 3 correspond to a balance pull 
of 100 pounds on an arm of 3 feet. This is equivalent 
to a force of (3 -;- 2'5) 100 = 120 pounds at the center of 
pressure. The pull per sq uare foot is, therefore, 10 
pounds. 'l'his gives a value for K of 10 -;- 7'17 = 1'39. 
This value is only in part determined from data inde
pendent of that involved in the other determination. 

* See first part of this article, in previuus issue. 
t HydromechanicB. Encl. Brit., 517. Report chief signal officer, 1887. 2:223 
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Area of plate II 
� ��oritY. _ Medium. �� ____ Remark� __ 

1'3 9 Borda Air 0'13 Rotation 
1'49 _. . . 0'25 " 
1'64 " " 0'63 " 
1'24 Hutton " 0'13 

I 
" 

1'43 " " 0 25 " 
1'525 Thibault " 0'25 " 
1'784 .. " 1'11 " 

{ Still water recto v 
1'433 Dubuat Water 1'0 = 3 t06% feet 

per second 
{ Morin } 

1'3 6 Piobert & Air 0'3 t02'7 . .... . .. .. .. ... 
Didion 

2'18 _. Water " \ Vertical motion 
1 shallow tank 

1'25 Mariotte " ..... ... .... . ..... .. 
" i.Plate stationary, 

1'856 Dubuat ..... , . s t r e a m  o f  
water 

1'83 4  Thibault Air l'17t02'5 ind power 

1'3 1 Langley " 1 
{ Rotation v = 4 to 

11 meters per 
second 

If, instead of taking the pressure at the middle of the 
Pf reSHure board, we take the average pressure over the 
ront face, we have by the spring balance determina

tion of pull, K = 10 -+- 5 '58 = 1'79, which agrees very 
well with some of the higher values of K determined by 
others. It is, however, evident that this value of K is 
theoretically a wholly different quantity from that 
which we seek to determine. 

It seems entirely possible that the pressure at the 
center of the board is less than that which corresponds 
to the average (velocity)2 with which the wind sweeps 
past the board, as computed by the Newton theorem. 
The determination of this wind velocity is a problem of 
much greater difficulty than at first sight may appear. 
If we assume 7'4R, the highest pressure on the board, to 
correspond to this velocity, the value of K becomes 10 
-+- 7 '48 = 1'3 4. 

The spring balance and pressure collector deal with 
the pressures which really affect the pressure board, re
gardless of the complexity of air currents. In this re
spect they differ essentially from the tube collector at
tached to the wind vane. 

In illustration of this point I may relate one incident 
of our work which happened after our pressure board 
work was finished. It was observed on starting on one 
of our trips that the gage attached to the cup collector 
on the wind vane showed little if any increase in pres
sure. As the speed increased, it began to show an ex
haust, which seemed to increase with the speed. Every 
part of the pressure circuit was examined and no cause 
could be found for the result. Finally, it was observed 
that, unnoticed by us, a refrigerator car had been 
placed in front of us, and it was thought possible that 
the open trap door in the roof of this car might be the 
cause of the trouble. The door was 33 X 3 5  inches and 
was opened to an angle of 33 °. Its distance from the 
wind vane was 11 feet. The door was shut down, and 
the gage reading increased 20 centimeters in a couple 
of seconds. This door had deflected the air stream up
ward, and it had descended in a cascade upon our car. 
'fhe lines of flow must have made a somewhat greater 
angle than 600 with the horizontal axis of the tube col
lector. It is because of such experience that no use 
has been made of a great mass of data involving 
velocities. This material will be used in a future paper 
dealing with the effects of the train on the air around it. 

The results of this investigation seem to fully justify 
the use of the disk collector in a study of the distribu
tion of pressure on large buildings. An arrangement 
which I have found very satisfactory may be briefly de
scribed. A window is raised a couple of inches and a 
wooden bar capable of longitudinal extension is placed 
n the opening thus formed. A % inch brass tube con-

necting with the pressure ga�e passes out through a 
hole in the bar. Outside, this tube enters a similar 
tube at right angles to the former and forming the arms 
of a T. From the ends of these arms short tubes re
turn to the wall of the building and serve as feet for 
holding the conducting tube III position when it is 
pulled into position from within. The ends of the feet 
should be plugged, and one of them should be adjusta
ble, to provide for inequalities in the wall surface. The 
end of one arm of the T should also be closed. From 
the other a tube extends 6 or 8 inches and an elbow and 
tube return toward the building and carry the pressure 
colle�tor. The plane of the collector is parallel to the 
surface of the wall, and should be 1 or 2 inches from it. 
Collectors should be placed over the various walls of 
the building and upon its roof. The tubes should be 
an.justed to the same resistance and as nearly as possi
ble to the same capacity, so that all will respond with 
equal quickness. The gage tubes should be parallel 
and side by side, so that they may be photographed at 
any instant when a heavy gust of wind is blowing. The 
gage tu bes should, of course, lead into a tank, connect
ing by a large tube with a large Abbe collector above 
the roof. 'fhis collector should be high enough above 
the roof t,o escape the effect of the building. The stream 
lines should be horizontal where this collector is placed. 
Near the summit of inclined roofs, on the windward 
side, and over the entire leeward side, the pressure is 
reduced by a wind. On a flat roof the pressure is al
ways reduced. The pressure is less than that of the at
mosphere, and this reduction of pressure increases with 
an increase in velocity. The standard pressure should 
be collected from a point above these disturbances. 

When the wind blows at right angles to one side of a 
building, the pressure on all other sides is diminished. 
If a window yields on the windward side, the pressure 
within the house will be increased. The tendency is to 
lift off the roof and throw three walls outward. The 
windward wall is often braced by partitions, so that it 
is less likely to fall in than the others are to fall out. I 
believe that it is possible to greatly increase the resiet
ng pOlVer of ordinary farm buildings against wind 

without materially increasing their cost. But it is 
very dt'sirable to determine what these pressures really 
are. 

The obs.erva�ions on pressures si:ould be supple- I part manufactured out of aluminum should possibly 
men ted w1th slmultaneous observatlOns on wind di- be increased over a similar section in brass, this in
rections. A vane with a cup collector connected with crease is insignificant when compared with what is 
a .gage below will determine pressure, due to the free saved, and it is generally possible to save one-balf of 
wmd, from which velocity may be computed. the weight of a revolving piece, thus reducing the ten-

Two metal brushes 1800 apart are attached to two in- dency to fly apart one-half in comparison with ma
sulated rings surrounding the vane tube. The poles of chines running at the same rate of speed manufactured 
a battery connect with these rings by sliding contact. of other metals . 
A flat commutator with 72 segments surrounds the Aluminum is also finding an extensive use in the 
tube and the two brushes slide upon it, touching oppo- manufacture of typewriters. 'l'here is a machine on 
site segments. The wires lead in a cable to the closed the market now which has all th e levers made of 
copper windings on an iron ring at the pressure gages. aluminum, as they are more durable than wood or 
The wires of the cable connect to these windings at hard rubber, and lighter than steel-consequently 
equidistant points, those coming from opposite commu- more easily operated than a heavier metal. The use 
tator b:;trs leadi�g to opposite points in �he wi�ding, of aluminum in I?ortable typewriting machines has 
and adjacent W1res at the commutator bemg adjacent proved an attract1ve feature, where weight is a great 
at the ring. The arrangement is exactly that of the consideration. Some typewriter carriages have also 
Gramme armature. The polarity of the ring will fol- been manufactured out of aluminum, and it is more 
l�w t�e shifting of the vane . . A mag:netic needle, whose th. an probablp tha� the development along this line 
P1V?t 1S at the center of the rmg, w1ll follow the vane. w1ll be marked, owmg to the fact that the reducing 
Th1S needle may be photographed with the scales. of weight makes general operation of the machine 
With comparatively small expense, it will be easy to easier. 
o�tain information of great value, even with ordinary The use of aluminum in the small parts of telephones 
willds. At some of the mountain observatories destruc- and telephone connections h as come into quite s-eneral 
tive winds are not uncommon, and it is desirable that use. The transmitters of nearly all the long d1stance 
sucl,I work should be undertaken there. In conclusion, telephones are made of this metal, owing to the fact 
I w1sh to express my grateful thanks to Prof. Tirllmer- that the lightness of aluminum makes it more sensitive 
man and Mr. Schlossstein for their enthusiastic aid un- to the vibration which it is intended to take up and 
der circll:mstances which were very far from inviting to transmit. It is also found advisable in making many 
one seekmg rest and quiet. My thanks are also due to of the connections to use aluminum, owing to the fact 
Mr. Stuyvesant Fish and Mr. A. W. Sullivan, president that it does not oxidize under the ordinary atmospheric 
and general superintendent of the Illinois Central Rail- conditions, and a good contact between the metals is 
road, through whose co-operation we were enabled to possible, whereas in the first machines that were made, 
do the work, and to Mr. Joseph Boyer for the loan of his after they had been in use a little while, these points 
speed recorder. There are dozens of others who have of contact corroded, and the electrical connection was 
assisted us greatly in various ways whom I cannot not made with the same facility or with the same de
name. The names of some of them I do not even gree of perfectness. 
know. But it was a constant pleasure to receive their The metal is also replacing hard rubber to a larO'e 
aid, and I feel that much of the success we may have extent, not only in the telephone, but in the phon�
attained was due to such friendly assistance. graph and similar machines. The metal can be cast 

Reference has been made to an uncorrected error in in iron Jlioulds, so that the surface is smooth and true, 
displacement of the zero point. This is a differen- which saves the machine work which is necessary on 
tial error, due to differences in the gage tubes. The the ordinary castings of this class, and when siIllilaJ' 
correction is practically all involved in the factor 0'05. castings are thus made in iron moulds they can be 

THE USE OF ALUMINUM IN BICYCLES 
AND LIGHT MACHIN ERY. 

OWING to recent methods which have been perfected 
in working and casting aluminum into small articles 
for replacing brass and other metals, its general use 
in construction of bicycles and light machinery has 
become quite extensive. The advances which have 
been made, especially in drop forging, are quite worthy 
of attention, and it is possible to make a large variety of 
articles by this method which have heretofore been 
made of steel or iron. The drop forging of aluminum 
not only gives better shapes, but of greater solidity, 
and the work which is thus put upon the metal adds 
materially to its tensile strength. It is a well known 
principle in the use of all metals, that articles which 
are wrought are stronger than cast articles, and when 
the work is added which is obtained in drop forging, 
the strength is still further increased. All metal used 
for drop forging is first rolled or drawn, or has some 
work done upon it. 

Quite a number of experiments have been made in 
manufacturing bicycle pedal frames from aluminum 
by drop forging them, and they have proved very suc
cessful owing to the lightness of the metal, the color, 
and the ease with which they can be made. This same 
process of manufacture can be extended to the brake 
shoes, brake handles, handle bars, etc. There is also 
a large variety of articles which can be manufactured 
from castings which cannot be drop forged, owing to 
their complicated shape. 

In drop forging aluminum the dies should be made 
with considerable clearance and vaseline used as a 
lubricant. Naturally there is not as much force re
quired to work alulllmum as in drop forging steel, and 
less time is consumed in making the forging. Care 
should be taken, however, to use plenty of lubricant, 
so the metal will not stick to the dies. The effect of 
alloying alnminum which is to be drop forged is to 
harden the metal considerably, the higher alloys giv
ing the best results up to 15 per cent. of alloying ma
terial. No zinc should be used in alloying aluminum 
which is to be drop forged, because the tendency of 
zinc is to make the metal brittle. 

The use of aluminum also has entered extensively 
into the manufacture of the various parts of bicycle 
lamps and their fastenings by which they are connected 
to the machine. There are some lamps on the market 
which are made entirely of aluminum, and quite a 
number which have the reflectors and other light parts 
made of this metal. Here it might be mentioned in 
connection with making these castings, that in the 
manufacture of different shapes, especially large flat 
surfaces, considerable care is required in order that 
the shrinkage may not be excessive, also that the mould 
is sufficiently well vented to allow for the escape of all 
occluded gases. The shrinkage is best taken care of by 
using on any projecting part of the casting a riser suffi
ciently large, and also to be careful to have the gate of 
such a size that the metal in the body of the cast,ing 
will cool before it cools in the gate, then allowing the 
molten metal in the gate to flow in and supply the 
shrinkage ' in the main part of the casting. It is also 
desirable in casting flat surfaces to have the flask 
tilted in such a manner that the gases on the under 
side will have all possible chance to escape. 

Owing to the fact that aluminum is so much lighter 
than other metals, these gases, in many instances, get 
in between the sand and the metal, and it is necessary 
that these gases have every facility for escaping, as the 
pressure to force them out in casting aluminum is not 
as great as in casting other metals. The use of alumi
num in high speed machinery, such as centrifugal ma
chines, is attracting a considerable amount of atten
tion, owing to the fact that the bursting of the revolv
ing part of such machines is directly in proportion to 
its mass or weight multiplied by the square of the 
velocity, and, consequently, if the weight is reduced, 
the strain on the metal is proportionately reduced. In 
machines which are used for separating cream from 
milk, and also in the manufacture of beer, sugar, etc., it 
is Il.uite an object to reduce to a minimum the weight 
of the revolving machinery. While the section of the 
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made for about one-half the expense of an articl� 
manufactured from hard rubber. 

In the uses of aluminum that have been mentioned 
the advantage to be derived has been principally from 
reducing weight. Another use is not so much to re
duce weight as it is to give an increased strength to 
the part of machinery in question. The effect of a 
small percentage of aluminum added to brass is very 
noticeable. A small per cent., say from one-tenth of 
one per cent. to a half of one per cent., does not increase 
the strength materially, but it seems to purify the 
metal and makes it more fluid, thus allowing it to 
take the form of difficult and irregular castings. In 
light castings more pieces can be cast as a gate due to 
the increased fluidity. After the percentage of alumi
num added to brass is increased over one-half of one 
per cent., the increased strength of the resulting cast
ing is quite marked, and this increased strength con
tinues until from ten to twelve per cent. of aluminum 
has been added. 

This is called" aluminum brass," and approaches "aluminum bronze" in strength, this strength entirely 
depending on the quality and quantity of spelter 
which there is in the mixture. It is a well established 
fact that aluminum bronze is the strongest commercial 
metal, and the use of it in castings and certain ma
chinery is only retarded by the cost of working it in 
the shop, such as cutting off gates, filing and turning 
it up. Owing to the peculiar close-grained nature of 
the metal, it makes a good bearing metal, not in replac· 
ing Babbitt, but where great strength is necessary 
with a small bearing surface, as in aluminum bicycles 
and other parts of small machines. It can be ad
vantageously used for bushings and bearings in small, 
light work, where the weight of the revolving piece is 
small. 

The methods of introducing aluminum into brass 
have been treated in former issues of this paper quite 
extensively, and it should always be introduced in the 
form of aluminized zinc. 

Aluminum brass has found an extensive use where 
much drawing of the metal is required. The amount 
of aluminum for t.his purpose, however, should not be 
over from two to four per cent., depending upon the 
article to be drawn. It requires more force and more 
power to do this drawing, owing to the increased 
strength of the resulting metal, but the large gain of 
an increased strength is very marked. Aluminum 
bronze tubing has been manufactured successfully, 
containing as much as eig\lL per cent. of aluminum, 
and a number of the brass mills are now using alumi
num in their brass mixture, as a small percentage of 
this, as previously stated, seems to clear the metal of 
impurities and enable the manufacturer to produce a 
more perfect tube. 

Aluminum has also found its way extensively 
into vibrating and reciprocating machines, both large 
and small. Here again the advantageous use of the 
metal is entirely a matter of reducing the weight. 
Probably the best illustration of the use of aluminum 
in revolving machinery is in using an oil cup on the 
driving-wheel of a locomotive in connection with a 
driving-rod. With the increased speeds that the roads 
are now aiming to attain, it is necessary to increase 
the diameter of the driving-wheels, and consequently 
the tendency to break the shank of the oil cups maten
ally increases, and with some of the large engines 
which have been built, cups made of composition are 
frequently broken, owing to the fact alluded to in the 
first part of this paper in connection with centrifugal 
machines. These cups are now, and have been for 
some time, successfully cast in �luminum, and have 
given great satisfaction. 

In the majority qf the classes of machines manu
factured out of altiminum, previously mentioned in 
this article, it is advisable to use bushings or bearings 
of aluminum bronze, steel, or some other hard, anti
friction metal to take up the wear, as aluminum, gen
erally speaking, does not stand well where the wear is 
excessive. In almost all cases the use of pure alumi
num is to be avoided. The alloys of aluminu m  now 
on the market contain a very small per cent. of harden
ing ingredients, but the most successful res.ults can be 
obtained by using some of these alloys, as the pure 
metal is too 80ft for the llIajol'it.y of pnrpo�e8 for whicl1 
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